Abstract. In head and neck squamous cell carcinoma (HNSCC), aldehyde dehydrogenase 1 family, member A1 (ALDH1A1) and hyaluronan receptor cluster of differentiation 44 (CD44) are often used as cancer stem cell (CSC) markers. The aim of the present study was to examine the relevance of these proteins for HNSCC in general and for the identification of CSCs. Tumors from 48 patients with primary HNSCC were analyzed for the expression of ALDH1A1 and CD44. Additionally, the association of the proteins with the proliferation rate and epidermal growth factor receptor (EGFR) expression was analyzed. ALDH1A1 was expressed in 54.2% of the carcinoma samples while CD44 was expressed in 89.6% of the carcinoma samples. Most notably, these proteins were often not expressed exclusively in a subpopulation, but also in the majority of tumor cells (ALDH1A1: 30.8% of ALDH1A1 + tumors; CD44: 65.1% of CD44 + tumors). Furthermore, patients with ALDH1A1 + tumors exhibited worse survival rates. CD44 and EGFR expression patterns were overlapping within the tumors and the expression rates were significantly connected. Ki-67 + tumor cells often expressed CD44. ALDH1A1 and CD44 expression patterns only partly overlapped. Consequently, ALDH1A1 and CD44 play significant roles in carcinogenesis and tumor progression. Within the present study, CD44 appeared to interact with EGFR and was more often expressed in primary HNSCC than the marker ALDH1A1. However, ALDH1A1 was a better marker to define a subpopulation of tumor cells. Finally, neither ALDH1A1 nor CD44, alone or combined, were sufficient to determine the CSC population in HNSCC.
Introduction
Head and neck squamous cell carcinoma (HNSCC) is the most common entity of the upper aerodigestive tract (1) . Carcinoma of this area is the fourth most common region of cancer incidence and the second most common region for cancer-related mortality worldwide (2) . The intramural heterogeneity may be an explanation for the worse survival rates recorded in HNSCC. Cancer stem cells (CSCs) are the most important subpopulation within carcinoma. CSCs are associated with a worse response to therapy, metastasis and cancer relapse (3) . Aldehyde dehydrogenase 1 family, member A1 (ALDH1A1) and hyaluronan receptor cluster of differentiation 44 (CD44) are common markers for CSCs in HNSCC (4) (5) (6) .
ALDH1A1 belongs to the ALDH enzyme family and catalyzes the oxidation of aldehydes to carboxylic acids (7) . This enzyme mediates protection from chemotherapy and reactive oxygen species (ROS) (7, 8) .
CD44 is an important hyaluronan receptor. CD44 acts in cell aggregation, proliferation and migration (9) . In HNSCC, CD44 is associated with tumor invasion (10) and the poor survival of tumor patients (11) .
The present study analyzed the expression of ALDH1A1 and CD44 for their relevance in human primary HNSCC. The prognostic value of ALDH1A1 expression was estimated. Moreover, the utility of ALDH1A1 and CD44 was evaluated in order to identify CSCs. To define the CSC population and its activity more precisely, features such as proliferation (Ki-67) and growth receptor expression [epidermal growth factor receptor (EGFR)] were included into the analysis. formaldehyde-fixed paraffin-embedded tumor samples, cut to a size of 5 µm, were used. Antigen retrieval was performed in boiling citrate buffer (pH 6.0; S1699; Dako, Glostrup, Denmark). ALDH1A1 and CD44 are common markers for the identification of CSC (4-6), therefore, these markers were used to identify tumor cell subpopulations comprised of CSCs. 
Materials and methods

Patients
Results
General ALDH1A1 and CD44 expression. The majority of primary HNSCC tumors (45/48; 93.8%) expressed a minimum of one protein (Table I) . Only three samples (6.3%) expressed neither ALDH1A1 nor CD44. CD44 expression was detected in 89.6% (43/48) of studied tumors. CD44 expression intensity was scaled within the tumor cells (Table II) . In 55.8% (24/43) of the CD44 + tumors expression for the receptor was strong (+++), in 32.6% (14/43) the CD44 expression was moderate (++) and in 11.6% (5/43) of samples the CD44 level was weak (+). In 65.1% (28/43) of the CD44 + tumors this receptor was expressed in almost all tumor cells. The majority of CD44 + tumors (38/43, 88.4%) expressed this receptor at a strong to moderate level (++/+++). Tumor cell nests were solely CD44 + or CD44-expressing tumor cells were located in the periphery of the tumor cell nests and close to the stroma (Fig. 1D) .
ALDH1A1 expression was detected in 54.2% (26/48) of the studied tumor samples (Table I ). In 30.8% (8/26) of the Table II . Staining intensity of CD44 and EGFR in human primary tumors. Linear regression of expression (P≤0.01). ALDH1A1 + tumors this enzyme was expressed in the majority of tumor cells (Fig. 1C) . In the remaining ALDH1A1 + tumors (18/26, 69.2%) ALDH1A1-expressing cells were found to be singular, in groups or throughout the entirely cell nest (Fig. 1A and B). More often ALDH1A1 + tumor cell groups were located more centrally within the cell nests (Fig. 1A and B) .
Staining intensity of CD44 and EGFR
Half (24/48) of the analyzed tumors expressed ALDH1A1 and CD44 (Table I ). In these tumors the expression pattern of ALDH1A1 and CD44 intersected, but did not completely overlap (Fig. 1G) . With the exception of one tumor (7/8, 87.5%), the human papilloma virus (HPV) + tumors expressed ALDH1A1 and CD44. The remaining HPV + tumor showed CD44 staining (Table III) . (Fig. 1E) . The association between EGFR and CD44 staining intensity could be described as an linear regression (P≤0.01). In the majority of tumors, ALDH1A1 + tumor cells were not necessarily CD44 + (Fig. 1G) . EGFR staining gave similar results (Fig. 1H) . The amount of Ki-67 + tumor cells also appeared to be independent of ALDH1A1 expression (Fig. 1I) . Closer to the stroma the proliferation rate was higher (Fig. 1F) .
EGFR and
Analysis of ALDH1A1
+ and ALDH1A1 -patients. (Table III) . In the majority of cases, cancer relapse was (Fig. 2) . As HPV is a prognostic factor for longer survival (13) , HPV + cases were excluded.
The majority of patients in the two groups succumbed within the first 3 years of tumor appearance. tumor group (7/21; 33.3%). This issue could not be explained by a younger age of the ALDH1A1 -tumor patients, as the analysis of different age groups (<60, 60-70 and >70 years) gave comparable results (data not shown). Survival was not linked to the percentage of ALDH1A1 + cells within the tumor.
Evaluation of patient data, n (%) -----------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
Discussion
ALDH1A1 and CD44 function in the carcinogenesis and tumor progression of HNSCC. ALDH1A1 is not expressed in the normal oral mucosa (14, 15) . However, other ALDH isoenzymes, such as ALDH1A3 and ALDH3A1, are found (14) . The expression of the retinoic acid receptors in the oral mucosa underlines the function of ALDH isoenzymes in the normal mucosa (16) . However, ALDH1A1 expression is increased in dysplasia and HNSCC (6) . In the present study, it was found that 54.2% of primary HNSCC tumors were ALDH1A + . In 30.8% of the ALDH1A1 + tumors, ALDH1A1 was expressed in the majority of tumor cells. This observations confirm a more general function of ALDH1A1 in the carcinogenesis of HNSCC. One explanation is that ALDH1A1 is stress-induced. The ALDH1A1 promoter has binding sites for the AP-1 (17) and Oct-1 (18) transcription factors. Oct-1 is stabilized and translocated into the nucleus due to radiation, ROS (19) and HPV16 infection (20) . The low expression of ALDH1A1 has also been recognized in the normal tonsillar squamous epithelium (21) . Additionally, ALDH1A1 protects from oxidative stress-induced reactive aldehydes (8) . In the present study, ALDH1A1 + tumor cells were mostly located in the middle of tumor cell nests and assumed hypoxic tumor sites. Furthermore, ALDH1A1 appeared to be a prognostic factor for worse survival. This was in agreement with the results of a study by Qian et al (22) . The reduced relapse rates for patients with ALDH1A1
+ tumors may arise from worse survival rates. Additionally, the majority of HPV-associated carcinomas are ALDH1A + , and HPV-induced HNSCC exhibits a better prognosis (13) . These observations possibly verify the role of ALDH1A1 in tumor progression.
CD44 is expressed in the basal layer of the normal oral mucosa (21, (23) (24) (25) . As a consequence, CD44 was overexpressed in many of the examined tumors in the present study. CD44 was located entirely throughout the cell nest or peripheral to the stroma. CD44 can be linked to the invasion of HNSCC (10) . However, the present results indicate that CD44 has a more general function in carcinogenesis. CD44 was often coexpressed with EGFR. Additionally the expression intensities of CD44 and EGFR were correlated significantly throughout the tumor. It is known that CD44 can interact with tyrosine kinase receptors, such as EGFR (26) . Interaction of these surface receptors can cause proliferation, chemotherapy resistance and invasion in HNSCC cell lines (27, 28) . EGFR also increases CD44 mRNA expression (29) . Additionally, proliferating tumor cells (Ki-67) are often CD44 + . Consequently, CD44 also has a significant role in HNSCC tumor progression.
ALDH1A1 and CD44 are common CSC markers in HNSCC (4-6). The present study examined the ability of the two proteins to identify CSCs. Corresponding to the hierarchical tumor model, CSCs exist in every tumor (30, 31) . In the present study, the ALDH1A1 and CD44 proteins were expressed in the majority of tumors and also in HPV + carcinoma. Consequently, ALDH1A1 and CD44 could also be expressed in the CSCs of these tumors. As a CSC marker, CD44 was more often expressed in the tumors than ALDH1A1. However, a lot of tumors expressed CD44 in almost all tumor cells. To identify CSCs, the markers must isolate CSCs from the tumor bulk. ALDH1A1 was a better marker to define a subpopulation of tumor cells. Finally, the two markers were not sufficient to isolate the CSCs from the bulk of tumor cells. Further CSC markers should be used to define and isolate the CSC population.
I n a d d it io n, A L DH1A1 u n d C D 4 4 ex p r e ssion did not completely overlap. In the majority of tumors A LDH1A1 + /CD44 + , A LDH1A1 + /CD44 -a nd ALDH1A1 -/CD44 + populations were observed. This observation may indicate that different CSC populations could exist within one tumor. For HNSCC, this theory of different CSC phenotypes was first suggested by Biddle et al (32) . This hypothesis has also been discussed for breast (33, 34) and colorectal (30) cancer. Different phenotypes would make it more difficult to determine the CSC population.
In conclusion, CD44 and ALDH1A1 appear to be important factors in carcinogenesis and tumor progression. ALDH1A1 was shown to be a possible prognostic marker for worse survival, while ALDH1A1 and CD44 may be expressed in the CSCs of most examined tumors. However, these markers are not sufficient to precisely isolate the CSC subpopulation from the tumor bulk.
